We consider the behavior of lattice models of quark confinement at high temperature.
Introduction
The properties of matter under extreme conditions of temperature and pres-4 sure have always appealed to the curiosity of chemists and physicists.
Presently we know enough about the basic constituents of matter to understand temperatures corresponding to electron positron pair production, i. e. , 10 11 K. At about 10 12 K hadrons begin to be produced. As long as not too many are produced it is reasonable to use the ordinary hadrons as fundamental constituents. Eventually the energy density will become comparable to that within a hadron. Then we must cease describing matter in terms of protons, neutrons, pions, etc. and substitute the degrees of freedom of a more fundamental theory. We assume that this means quantum chromodynamics.
Quantum chromodynamics is a theory of strongly interacting colored quarks and gluons. It is believed to have the property of quark confinement. That is to say only color neutral systems have finite energy. The ionization energy for separating a colored subsystem from an overall neutral system is infinite.
The quark confining property is known to be true in strongly coupled lattice approximations to QCD but only at zero temperature. 192 We shall see that at sufficiently high temperatures lattice QCD undergoes a transition to an unconfined phase. R.oughly speaking, the colored gluons form a plasma which Debye screens the color of the quark and therefore destroys the long range confining potential.
In Section II we review the principles of Hamiltonian lattice gauge theory. 2
In Section III the finite temperature behavior of strongly coupled abelian lattice gauge theory is studied. We find that for low temperature the confining force is the usual linear potential. However a critical point separates this confined phase from a phase in which the force law is ordinary coulomb.
In Section IV we continue the study of the abelian theory including a charge carrying field . -Non-abelian lattice chromodynamics is the subject of Section V. As in the abelian theory a transition between confined and unconfined phases exists. This time the unco.nfined phase is characterized by a short range force because the coulomb force is screened by a plasma of gluons.
The last section discusses the validity of the conclusions for continuum chromodynamics.
II. Lattice Gauge Theory
Consider a simple cubic lattice in 3 space dimensions whose sites are labeled by triplets of integers r = x, y, z = site Directed links of the lattice are indicated by a site and one of 6 unit lattice vec-A tors called tx, n 2 A A A y9 z9 nBx, ney, nvZ.
(r, t) = link Each link of the lattice has a degree of freedom V(r, G) which for the abelian theory is a phase V= e i@ (Abelian)
For the SUN theory V is a special unitary N dimensional matrix.
Each link (r, t) h as a mate which is just the same link but oppositely oriented. It is the link A A (r 9 n, -n)
The two degrees of freedom V (r, k) and V(i-+ 2, -G) are related V(r +F;, 4) = Vt(r, k)
For the abelian theory $(r, t) = -$(r + G, 4) (2) In the abelian theory each link carrys an electric flux E(r, 2) which satisfies -h E(r, $ = -E(r + 2, 4)
[+(r, t), E(r, ;)I= i (4) E(r, k) is the conjugate momentum to Cp and since @ is an angle E has the integers for its spectrum
In the non-abelian theory E is a member of the adjoint representation of "n' For our example we will work with SU2 so that E is a 3-vector. It satisfies
[E"(r, $ EP(rP, iy)] = 0 (r, t) # (r* k") (
Thus the E*s are angular momenta and have the spectrum of integer and l/2 in- 
where 7°! are the pauli matrices.
The EPs do not satisfy Eq. (3) but rather
However the E*s do satisfy
In order to express the Hamiltonian we will need a set of operators to identify with the magnetic field energy. Thus consider an elementary square of the lattice bounded by the directed links 1, 2, 3, 4 as in Fig. 1 .
We label such a square r and define (abelian theory)
and (non abelian theory)
The Hamiltonian for abelian IGT is It is modified when sources are included.
III. Abelian Gauge Theory at Finite Temperature
We shall argue later that if a transition to an unconfined phase occurs the transition temperature is bounded from above by ignoring the magnetic tern in H. In other words if we find a transition to the unconfined phase when H magnetic is ignored then the full Hamiltonian surely has one at a lower $c. For now we shall simply work tn the strong coupling approximation in which c2 A2 H = links za Eh n) (16) In this approximation confinement is rigorous at zero temperature. By an obvious manipulation we may rewrite Z in the form 
and gausse% law must be modified to account for the sources on the sites. of the magnetization as R ---( co and M does not equal zero for any * (unless Pi? h= 0) we find that the potential V(R) always tends to a finite limit as R-t cc.
Thus it might seem that there is no confinement of charge even at zero temperature. This is not the right interpretation as we shall see. But first let us cons& der the behavior of V(R) for large (R).
In the presence of an external field the correlations in a magnet always be- 42) i.e., a short range yukawa like force law.
The result of a short range force between sources even at zero temperature would seem to conflict with the known confining properties of our model. How-4 ever this is false. Consider a pair of sources separated by distance P on a lattice. When no quantized sources exist the force law at zero temperature is W(R) + 1 R 2a2 (43) corresponding to a string of flux between the sources. However, if quantized sources exist a configuration with much less energy can exist. It is constructed r by simply creating an opposite charge from the quantum source right on the external sources thus neutralizing them. This gives an energy 2m which is consistent with the magnetic picture. Thus it seems that for m P co a sharp transition between confined and unconfined phases does not exist. However we do believe that there is a very big qualitative difference between low and high temperatures.
At high temperatures we think the long range coulomb force found previously is s creened as in a plasma. This is very different than the pairing which takes place in the confined phase. For example if a fractional charge is immersed in a plasma it is screened just as effectively as an integer charge. Therefore it would be very interesting to imbed external charges of fractional magnitude in the hot quark soup and see if the long range forces are screened.
Unfortunately the formalism we are using does not permit fractional charges. This is because the E fields are integers and therefore 
The integrations over Q must go from 0 to 4n in order to cover the whole SU2 
